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ABSTRACT
MATTHEW LAFAYETTE DOVE: The Effect of Calcium Concentration and pH Levels on
Proteolysis of the Two-Domain Neural-Cadherin Construct
(Under the direction of Dr. Susan Pedigo)
Neural Cadherin (NCAD)Is a classical cadherin that plays a critical role In
synaptogenesis and regulation of synaptic plasticity. One of Its characteristics as a
classical cadherin Is Its calcium-dependent resistance to proteolytic cleavage. However,
Candida albicans, the most common fungal pathogen of humans, has a virulence
mechanism In which host tissue Is Invaded by degrading cadherin with secreted aspartyl
proteases (SAPs). To Investigate the conditions In which this Invasive species
proteolyzes cadherin, we used a-chymotrypsin as a model protease and the first two
domains of Neural Cadherin (NCAD12). We performed time-dependent,Ca^^dependent, and pH-dependent proteolysis of NCAD12 to establish calcium's protective
characteristics and explore the effect of pH on proteolytic cleavage. The a2+

chymotrypsln substrate, BTEE, was used to evaluate the activity of the protease. Ca
concentrations near biological levels were shown to protect NCAD12 from cleavage by
a-chymotrypsIn. However,the protease was shown to be an Ineffective SAP simulator
because of low activity near and below pH 6. These studies established protocols for
assessing the susceptibility of NCAD12 to cleavage by proteases as a function of time.
calcium concentration, and pH. The substrate, BTEE, was found to be useful for studyin g
the activity of a model protease, a-chymotrypsIn, as a function of pH.
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INTRODUCTION
Cadherins are transmembrane proteins that serve as the primary contributor for
calcium-dependent cell to cell adhesion in multicellular organisms. These proteins are
also critical for morphogenesis,functional organization, and structural integrity of
tissues (Halbleib and Nelson, 2006). Neural cadherin (NCAD) has been targeted by many
studies as playing a key role in synaptogenesis and neuroplasticity regulation (Tan et al..
2010; Jungling et al., 2006; Huntley et al., 2002). NCAD, a classical cadherin, has an
extracellular region comprised of five tandemly repeated domains which are arranged in
a seven-stranded antiparallel p-barrel organized into two opposing sheets (Pokutta and
Weis, 2007; Chothia and Jones, 1997). NCAD's C-terminal domain is located inside the
cell (Figure 1), and this cytoplasmic region is necessary for communicating with the actin
cytoskeleton (Takeichi, 1990). For proteolysis studies, only the extracellular construct is
needed because proteases only have contact with this region of cadherin. The gaps
between each extracellular domain allows for binding of three calcium ions, inducing a
curved, rigid structure (Pertz et al., 1999). The extracellular region of cadherin is stable
regardless of calcium presence; however, calcium binding is required for cell to cell
adhesion. Calcium binding also provides protection from proteolysis in vivo (Koch et al..
2004).
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Figure 1. Structure of classical cadherins and their interaction with cytoplasmic proteins. Source: Ivanov,
D. B.; Philippova, M. P.; and Tkachuk V. A. Structure and Function of Classical Cadherins. (2001).

Candida albicans is a diploid fungus that grows as both a yeast and and hyphae.
C albicans is the most common fungal pathogen of humans, and it causes a variety of
infections that are mostly a form of superficial mucosal candidiasis (i.e. thrush).
However, hosts who are immunocompromised (patients with AIDS, undergoing
chemotherapy, or received bone marrow transplant, etc.) are susceptible to systemic
Infections which can be life-threatening. C. Albicans's virulence is based on numerous
properties including hydrolytic enzymes, cell surface adhesions, interactions with the
host immune system, and phenotypic switching (Schaller et al., 2005; Sundstrom, 2002;
Filler, 2006; Kumamoto, 2005). These hydrolytic enzymes include secreted aspartyl
proteases (SAPs), a multigene family of at least 10 proteases, which are thought to have
different roles during infection (degradation of tissue barriers, destruction of host
defense molecules, and nutrient supply) (Naglik et al., 2003). A mechanism in which C.
Albicans Invades host tissue Involves the degradation of cadherin by SAPs and
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subsequent intercellular movement (Villar et al., 2007). Once the outer barrier is
penetrated, the organism can infect the underlying tissue.

Specific Aims
Calcium-bound cadherin is protected from protease cleavage in vivo; however, C.
Albicans has been shown to degrade cadherin through the use of SAPs. The invasive
species may have a mechanism In which calcium binding is disrupted. Our focus is
studying the conditions under which the proteolytic virulence mechanism occurs.
Aim 1 — The protective qualities that calcium binding has on cadherin will be
established. Apo and high calcium proteolysis of NCAD will be compared, and
proteolysis in the presence of varying amounts of calcium will be used to demonstrate
calcium's protective attributes. The results will be used to determine the best time and
calcium concentration for later studies.
Aim 2 — Proteolytic susceptibility of NCAD will be tested at differing pH conditions using
several biological buffers. The proteolysis will be further investigated by assessing the
effect of pH on protease activity.

Significance
Much research has been conducted on SAPs in recent years, and they have been
pinpointed as a major virulence factor for Candida albicans. Thus,future studies may
lead to the prevention and control of Candida Infections by developing pharmacological
or Immunological tools specifically designed to inhibit these enzymes. These
3

experiments are the preliminary studies of a larger body of work focused on
characterizing the cadherin-mediated virulence of C. albicans. It is known that the pH of
the tissue is low at the time of infection. If the specific aims are reached, we will have a
better overall understanding of how these pH changes affect the proteolysis of NCAD.
Future studies will be set up to probe the specific conditions and methods that lead to
cadherin degradation. Ultimately, the larger body of work Is designed to add to and
possibly change the current knowledge of C. albicans’s cadherin-mediated invasiveness
Into host tissue.

Approach
SAPs have a general specificity for nonpolar, hydrophobic amino acids. The
protease a-chymotrypsin cleaves at the C-terminal side of Tryptophan, Tyrosine, and
Phenylalanine residues. Because of similar specificity, a-chymotrypsin was used to
simulate the proteolysis of SAPs. SDS-PAGE will be used to assess NCAD's susceptibility
to proteolysis at varying Ca^^ and H^ concentrations. These experiments will be
completed using 15% Tris-Tricine gels to optimize the resolution of peptides. The effect
of pH on proteolytic activity will be assessed using several biological buffers with a pH
between 5 and 8. The a-chymotrypsin substrate, N-Benzoyl-L-tyrosine ethyl ester
(BTEE), will be used to evaluate the protease's effectiveness at the pHs selected. The
first two modular domains of neural cadherin (NCAD12) will be used in the proteolysis
studies. NCAD12 contains an Intact Ca^^ binding pocket and shows Ca^^-mediated
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dimerization. It is regarded as the minimal functional adhesion unit. If cell adhesion is
disrupted by protease, it is the NCAD12 portion that would be cleaved.

5

METHODS
Neural Cadherin-12's calcium-dependent susceptibility to proteolysis by achymotrypsin was observed through qualitative analysis of protein cleavage via SDS
page on 15% Tris-Tricine gels. Samples were made with Apo conditions(no Ca^T and
High Calcium conditions(6 pL of 1 mM Ca^^. Digests were made by exposing 7 pL of 14
mM NCAD12 to 3 pL of 100 pg/mL a-chymotrypsin. These samples were brought to 30
pL by adding SEC buffer, which consists of 10 mM HEPES and 140 mM NaCI. Final
concentrations were 3.27 mM NCAD12,10 pg/mL a-chymotrypsin, and 0.2 mM Ca^^.
The samples were allowed to digest at room temperature (24“C)for 0,5,10, 20, and 30
minutes. A volume of 30 pL of 2X SDS-reducing loading buffer and a 3 minute boiling
water bath were used to quench the reaction. Each proteolyzed sample, a control
sample with no protease, and a molecular weight marker were screened via SDS-PAGE
on a 15% Tris-Tricine gel at 100 Volts for 70 minutes. The gel was then stained with
Coomassie Blue to make each peptide band visible. Qualitative data was discerned by
comparing each time-dependent sample and successive bands to the uncleaved
NCAD12 sample. Apo samples were also compared to their corresponding High Calcium
samples. Quantity-One software was used to photograph and view the gel.
The activity of a-chymotrypsin was then tested with varying amounts of calcium
present. Samples were made with 2 pL of 0.01 Ca^^ mM,0.1 Ca^^ mM,1 Ca^^ mM,10
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mM,and 100 mM Ca^^ stocks. Avolumeof7|iLof 14mM NCAD12wasexposedto
3|iL of 100 ^ig/ml a-chymotrypsin. The samples were brought to 33.5 pL with SEC
buffer. The final concentrations were 2.93 mM NCAD12;8.96 pg/ml a-chymotrypsin,
and Ca^* concentrations between 0.597 pM and 5970 pM. The dilutions can be found in
Table 1.

Table 1- Dilutions for the "Varying Calcium" digests
Ca2+
SEC
Protein
Enzyme
Apo
.01 mM
.ImM
1 mM
10 mM
100 mM

OpL
2pL
2pL
2pL
2pL
2pL

7pL
7pL
7pL
7pL
7pL
7pL

3pL
3pL
3pL
3pL
3pL
3pL

23.5 pL
21.5 pL
21.5 pL
21.5 pL
21.5 pL
21.5 pL

Final [Ca^^
OpM
0.597 pM
5.97 pM
59.7 pM
597 pM
5970 pM

These samples were digested for 30 minutes and quenched with 33.5 pL of 2X SDSreducing loading buffer and a 3 minute boiling water bath. Each proteolyzed sample, a
control sample without protease, and a molecular weight marker were screened via SDS
page on a 15% Tris-Tricine gel at 100 Volts for 70 minutes. The gel was then stained
with Coomassie Blue. Quantity-One software was used to view and photograph the gel.
Calcium's effect on proteolysis was deduced by observation of cleavage-induced peptide
bands at each concentration.
In order to observe pH's effect on proteolysis by a-chymotrypsin,several
biological buffers were made that buffer at a wide range of pH. Tricine (pH 8.10), HEPES
(pH 7.38), Imidazole (pH 6.91), MES(pH 5.94), and Sodium Citrate (pH 4.92) were those
selected. Each buffer was made at 50 mM with 140 mM NaCI. The protein, enzyme, and
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calcium are ail in solution with SEC buffer, so the pH was tested again with 50% of a
selected buffer and 50% SEC buffer to simulate the pH during proteolysis of each sample
(shown in Table 2).

Table 2- pH of each buffer at digestion conditions
Buffer
pH
pH with 50% SEC Buffer
Tricine
8.10
7.94
HEPES
7.41
7.38
Imidazole
7.00
6.91
MES
5.94
6.13
Sodium Citrate
4.92
5.17

The final dilution is 25 mM of the variable buffer,5 mM HEPES, and 140 mM NaCI. 7 piL
of 14 mM NCAD12 was exposed to 3 pL of 100 pg/mL a-chymotrypsin in 15 pL of each
biological buffer. 5 pL of 1 mM Ca^^ was added to one set of samples, and 5 pL of SEC
buffer was added to the Apo set so both reached 30 pL. Final concentrations were 3.27
mM NCAD12, 10 pg/mL a-chymotrypsin, and 0.167 mM Ca^^ The protein was subjected
to cleavage for 30 minutes before it was quenched with 30 pL of 2X SDS-reducing
loading buffer and a 3 minute boiling water bath. The samples and a molecular weight
marker were screened via SDS-page on 15% Tris-Tricine gels at 100 Volts for 80 minutes.
The gels were then stained with Coomassie Blue. The gels were analyzed qualitatively
using Quantity-One software to observe the amount of NCAD12 cleavage at the
different pHs.
N-Benzoyl-L-tyrosine ethyl ester (BTEE) was used in an enzymatic assay to
determine the activity of a-chymotrypsin over the pH range represented by the chosen
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biological buffers, a-chymotrypsin hydrolyzes BTEE causing an increase in absorbance at
256 nm. 1 ml samples were made as shown in Table 3.

Table 3 -- Dilutions for the enzymatic assay of a-chymotrypsin
Blank
Test
50 mM Buffer
490 pL
490 pL
1.18 mM BTEE
465 pL
465 pL
2+
100 mM Ca
10 |il
10 pL
1 mM HCI
35 pL
35 pL

1 mg/mL achymotrypsin

Final concentrations were 24.5 mM Buffer, 0.549 mM BTEE, 1 mM Ca^^ and 0.035 mM
HCI or 0.035 mg/mL a-chymotrypsin. A blank and test sample were made for each
buffer, and the absorbance at 256 nm was recorded for the first 4 minutes after the
addition of enzyme. The change in absorbance over time was calculated for each
sample. The pH of each sample during proteolysis was simulated by making a solution
with 49% of the variable buffer, 46.5% BTEE solution, and 4.5% SEC buffer. The
following pHs were recorded: Tricine -8.11, HEPES -7.27, Imidazole -6.64, MES5.86, and Sodium Citrate -5.53.
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MATERIALS
Plasmid Construction
The cDNA of mouse N-cadherin was provided by Dr. L Shapiro (Columbia
University, USA) and was used as a template for PCR amplification of the gene for the
first two domains (residues 1-221), designated as NCAD 12. PCR amplification of the
two-domain fragments, digestion of template DNA with restriction enzymes, ligation of
the fragments into the pET30 Xa/LIC expression vector (Novagen), and subsequent
transformation into Escherichia coli(DE3)expression cells were performed according to
standard protocols, utilizing KOD HiFi DNA Polymerase (Stratagene) and Xa/LIC cloning
kit (Novagen). The full-length genes were sequenced to confirm absence of mutations
(Vunnam et al., 2010).

Expression and Purification
Protein expression and fractionation of Inclusion bodies were all described
previously. The resulting pellets were suspended In denaturing His Tag binding buffer(6
M urea, 20 mM Tris/HCI, 0.5 M NaCI,5 mM Imidazole, pH 7.5). Supernatants were
applied to a Nl affinity column (GE Life-Sciences). The protein was eluted with 10 mM
Tris/HCI, 250 mM NaCI, 0.5 M Imidazole, pH 7.9. The elution fractions containing NCAD
12 were dialyzed in 140 mM NaCI, 20 mM Tris, 5 mM CaCb, 1 mM DTT, and 5% glycerol,
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pH 7.4. Immobilized trypsin (Pierce) was used to remove the 45 residue N-terminal
affinity label. Digested proteins were dialyzed against 140 mM NaCI and 10 mM HEPES,
pH 7.4 (SEC Buffer). Protein stocks were aliquoted and stored at 4°C. All protein stocks
were stored in the apo state. The extinction coefficients were determined
experimentally and found to be 17700 ± 500 M'^cm*^ for monomeric NCAD 12. Purity of
proteins was assessed by SDS-PAGE.

Protease
The protease used for this experiment was a-chymotrypsin,type 2,from bovine
pancreas, essentially a salt-free, lyophilized powder. The part number for this particular
stock is 119H7660, and the activity is 51 units/mg protein. It was stored at a
temperature less than 0°C. Preparation of the 100 pg/mL chymotrypsin stock was
achieved by dissolving 5 mg of a-chymotrypsin to 1 ml of SEC buffer. A subsequent
dilution was made by adding 20 pL of the previous stock to 980 pL of SEC buffer.
resulting in the desired enzyme concentration.

BTEE
N-Benzoyl-L-tyrosine ethyl ester was used for the enzymatic assay of achymotrypsin. The part number for the stock is B6125 (Sigma). It was stored at a
temperature less than O^C. a-chymotrypsin hydrolyzes BTEE into N-Benzoyl-L-tyrosine
and ethanol, resulting in an increase of absorbance at 256 nm. Preparation of the 1.18
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BTEE stock was achieved by dissolving 37 mg of BTEE into 63.4 ml of Methanol,
adding water to 100 mL.

Tris-Tricine Gels
15% Tris-Tricine gels were chosen to optimize the resolution of peptides. The
gels were made with 15% of Acryl/Bisacryl(40%)stock solution, 25% of 2M Tris solution
(pH 8.45, 0.4% SDS), 0.5% of APS (10%), and 0.05% of TEMED. They were run with an
anode buffer of Tris Buffer(pH 8.9) and a cathode buffer of Tris-Tricine, SDS solution (pH
8.25).

12

RESULTS
Time-dependent proteolysis of NCAD12
The Coomassie-stained gels of the time-dependent digests are shown in Figure 2.
2A shows cleavage of NCAD12 in the apo state by a-chymotrypsin. The "control" well
contained uncleaved NCAD12 which showed no bands other than the full length protein,
which is 221 residues and 24.2 kDa. However, after 5 minutes of the digest, a second
band can be seen right underneath NCAD12 at around 22 kDa, indicating cleaved
peptides. The 10, 20, and 30 minute digests showed a heavier cleaved peptide band
along with more peptide bands around 16 and 14 kDa. By minute 30, the cleaved
protein band at 22 kDa is as thick as the original protein, and there is an increased
presence of other peptides.

Figure 2A
26.6 kDa
17 kDa

14.2 kDa
6.5 kDa
MW

Control

0

5

13

10

20

30

Figure 2B
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17 kDa
14.2 kDa
6.5 kDa
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Control

0

5

10

20

30

Figure 2. Time-dependent proteolytic susceptibility of NCAD12. Coomaassie-stained Tris-Tricine gels
(15%) of the time-dependent digests of NCAD12 in the Apo state (2A) and in the presence of 0.2mM Ca^*
(2B). Digest time is noted in minutes and the control is uncleaved NCAD12.

Figure 2B displays the results of the time-dependent proteolysis of NCAD12 in
the presence of 0.2 mM Ca^"". The calcium shows protective properties throughout the
digest. There is a small increase in peptide bands at 16 kDa as the digest time becomes
longer; however, it takes until minute 30 for a distinct band to form at 22 kDa
underneath the original protein band. There is some variability in band density due to
loading of the gels. Other gels of this study are located in the Appendix.

Ca^^-dependent proteolysis of NCAD12
The results of the calcium-dependent proteolysis of NCAD12 by a-chymotrypsin
are shown in Figure 3 by a Coomassie-stained 15% Tris-Tricine gel. The gel displays
NCAD12 digestions for 30 minutes in the presence of 2 pL of 0, lOpM, lOOpM, ImM,10
mM, and 100 mM Ca^"^ respectively. The final concentrations of Ca^"" for each sample
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are shown in the figure. As the concentration of Ca^^ increases, the amount of peptide
bands decreases. The sample with .597 pM Ca^^ is almost identical to that of the Apo
sample. However, with Ca^^ increased up to 59.7 pM and .597 mM,there is very little
cleavage shown. The protein remains uncleaved In the 5.97 mM Ca^^ sample.

Figure 3
26.6 kDa

i .V

w

r-:

17 kDa
14.2 kDa
6.5 kDa
MW

App

.597pM

5.97pM

59.7iiM .$97rnM

5,97fnM

Figure 3. Ca^^-dependent proteolytic susceptibility of NCAD12. Coomassie-stained Tris-Tricine gel(15%)
of calcium-dependent proteolysis. The "Apo" well contained no Ca^^ and the following wells contained
the Ca^* concentration as listed. All of the digests occurred for 30 minutes.

pH-dependent proteolysis of NCAD12
Figure 4 displays the Coomassie-stained gels of the NCAD12 proteolysis by achymotrypsin at varying pHs. Biological buffers were used to establish different pHs for
each digestion. These buffers Include Tricine, HEPES, Imidazole, MES, and Sodium
citrate respectively. The pH during proteolysis Is listed In the figure. 4A shows
proteolysis of NCAD12 In the apo state for 30 minutes. Several peptide bands are seen
for the samples digested at pH 7.94, 7.41, and 7.00, indicating much cleavage. Slightly
less cleavage is seen at pH 6.13, and almost no cleavage is seen at pH 5.17.
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Figure 4A
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Figure 4B
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Figure 4. pH-dependent proteolytic studies of IMCAD12. Coomassie-stained Tris-Tricine gels (15%)of
digests with varying biological buffers. Digest pH is noted beneath each lane, and proteolysis occurred for
30 minutes. (A) NCAD12 was digested in the apo state. (B) NCAD12 was digested in the presence of .167
mM Ca^".

Figure 4B displays digestion of NCAD12 in the presence of .167 mM Ca^^ for 30
minutes. The results are very similar as in the apo state except for an overall decrease
in cleavage. Heavier peptide bands are seen in samples with pH 7.94, 7.41, and 7.00
compared to samples with pH 6.13 and 5.17. Again, the lower pH shows less cleavage
by a-chymotrypsin.
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Enzymatic Assay of a-chymotrypsin
The results of the enzymatic assay for a-chymotrypsin are located in Table 4. achymotrypsin hydrolyzes BTEE causing an increase in absorbance at 256 nm. Each
sample contained a different biological buffer resulting in a different pH. The first four
minutes of digestion were scanned for absorbance at 256 nm. The rate of absorbance
change over time was calculated using the first minute because it was linear in all scans.
The rate of absorbance was very similar in the samples with pH 8.11, 7.27, and 6.24,
which indicates high protease activity. The Tricine buffer (pH 8.11) had the highest rate
of activity with HEPES and Imidazole following close behind. However,there is a sharp
drop off in protease activity for the samples with pH 5.86 and 5.53, which show little to
no proteolysis. A pH vs. rate of absorbance graph shows a steep decrease in protease
activity around pH 6 (Figure 5). Figure 6 shows examples of the absorbance scans
taken.

Table 4 — Enzymatic activity of a-chymotrypsin
Buffer

pH

AA256/At

Tricine

8.11

0.210/min

Relative Activity
100%

HEPES

7.27

0.199/min

95%

Imidazole

6.64

0.186/min

89%

MES

5.86

0.033/min

16%

Sodium Citrate

5.53

0.008/min

3%

Table 4. Enzymatic Activity of a-chymotrypsin. Several biological buffers were used to observe the pHdependent proteolysis of BTEE. Absorbance scans at 256 nm were recorded for the first four minutes of
digestion. The first minute was used to calculate the rate of absorbance change over time.
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1

Figure 5. pH vs. Absorbance Rate. Decrease in absorbance shows decrease in a-chymotrypsin activity near
and below pH 6.

Figure 6C
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Figure 5. Examples of absorbance scans taken for the first four minutes of BTEE digestion. 6A shows a
simulated graph of the absorbance scan at pH 8.11. Results are similar to that of the scans at pH 7.27 and
6.64. 6B shows a simulated graph of the absorbance scan at pH 5.53. Results are similar to that of the
scan at pH 5.86. 6C is a graph of the blank at pH 5.53. All blanks showed no increase in absorbance.
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DISCUSSION
These studies show that Neural Cadherin-12 is susceptible to proteolysis by achymotrypsin, a serine protease, at a concentration of 0.51 Units/mL (Figure 2A). Also,
the presence of 0.2 mM Ca^^ Is shown to provide moderate protection against achymotrypsin induced cleavage (Figure 2B). Samples that were not protected from
cleavage all showed a peptide band (approximately 22 kOa) directly below that of
uncleaved NCAD12(24.2 kDa). These bands indicate a small peptide up to
approximately 20 amino acids Is being cleaved from the N-terminus or C-terminus of the
protein, a-chymotrypsin cleaves at the C-terminus of tryptophan, phenylalanine, and
tyrosine. The 2"*^ residue from the N-terminus is a tryptophan, and this peptide is 0.32
kDa. The 17^^ residue from the N-termlnus is a phenylalanine, and this peptide is 1.95
kDa. The 36^^ residue from the N-termlnus is tyrosine, and this peptide is 4.29 kDa. The
36**^ residue from the C-terminus is tyrosine, and this peptide is 3.65 kDa. Of the
possible cleavage spots, the phenylalanine at the seventeenth residue from the Nterminus seems the most probable because the gels show a band about 2 kDa less than
NCAD12. There Is another band that shows up distinctly around 16 kDa. It includes the
N-terminus of NCAD12 because It has the same double line pattern during cleavage as
that of the whole protein. I propose this cleavage happens at the 147^^ residue, tyrosine,
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because the peptide is 16.35 kDa. If the first 17 residues are cleaved off, the peptide
becomes 14.41 kDa. These weights are very similar to the results of the gel.
After establishing the protective qualities of 0.2 mM Ca^^ this concentration was
used as an intermediate calcium concentration in an experiment with a 10,000-fold
range. Concentrations near 0.6 pM and 6 pM show little protection against proteolysis
over a 30 minute span, and the results look very similar to that of the apo sample
(Figure 3). Concentrations near 60 pM show moderate protection against achymotrypsin cleavage, and concentrations near 6 mM show complete protection. The
binding constant for Ca

2+

and NCAD12 is 30 pM (Vunnam et al., 2010; Courjean et al..

2008), which explains why protection from proteolysis is seen with Ca^^ concentration at
60 pM,600 pM, and 6mM. Based on this collection of data, it can be deduced that the
NCAD12 dimer is very stable in reference to normal proteolytic activity. Extracellular
calcium concentrations are between 1 and 10 mM Ca^^ so we would expect the protein
to be protected from proteolysis in vivo.
Using several biological buffers, we compared NCAD12 proteolysis by achymotrypsin at different pHs. After 30 minutes of proteolysis, the Tricine (pH 7.94),
HEPES (pH 7.41), and Imidazole (pH 7.00) samples showed high cleavage in the apo
sample and moderate cleavage in the presence of .167 mM Ca^^ (Figure 4). The MES
buffer at pH 6.13 shows a slight decrease in peptide cleavage than the higher pH
samples, and the Sodium citrate buffer at pH 5.17 showed a very significant decrease in
cleavage.
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Host tissue is known to have a low pH at the time infection; therefore, we had
expected to observe an increase of cleavage in the lower pH samples. To investigate
these findings, we chose to use the a-chymotrypsin substrate, BTEE, to perform an
enzymatic assay of the protease. Change in absorbance over time was around 0.2/min
at pH 8.11, 7.27, and 6.64 (Table 4). However, there was a steep drop off in enzymatic
activity for samples at pH 5.86 and 5.53. These results explain the reduced cleavage of
NCAD12 at pH 6.13 and 5.17. Serine proteases have a Histidine, Aspartate, and Serine
triad as their active site. Histidine's pKa is approximately 6 and Aspartate's pKa is
approximately 4. pHs at or below 6 protonate Histidine and possibly Aspartate
introducing a positive charge. This protonation probably causes a change in dynamics
that inhibits a-chymotrypsin. These studies showed inconclusive evidence about the
effect of pH on cadherin-mediated Candida albicans invasiveness, a-chymotrypsin is an
insufficient SAP simulator because it has very low enzymatic activity near or below pH 6.
All but one of the 10 gene SAP family has an optimum pH below 6. SAPS, a protease
which will be used in future studies, has an optimum pH of 5 (Aoki et al., 2011).
These studies were successful in establishing protocols for assessing the
susceptibility of NCAD12 to cleavage by proteases as a function of time, calcium
concentration, and pH. In addition, the substrate BTEE was established as useful for
studying the activity of a model protease, a-chymotrypsin, as a function of pH.
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Future Studies
We have established that NCAD12 is very stable in the presence of normal
extracellular calcium concentration, and Candida albicans is known to invade host tissue
at a lower pH. Thus, it is still entirely possible that the lower pH affects proteolytic
activity either by increasing the activity of the protease or the susceptibility of cadherin.
Dr. Pedigo's lab is currently in the process of expressing and purifying SAPS, a secreted
aspartyl protease that is significantly upregulated during C. albicans infection (Naglik et
al., 2008). SAPS will be used for multiple proteolytic studies in the presence of varying
Ca

2+

concentrations and varying pH levels as seen in these studies. Further investigation

will be done into the possibility that lower pH impairs the ability of cadherin to bind
calcium. The Ca

2+

binding constant will be determined as a function of pH. The loss of

bound calcium would make NCAD more susceptible to proteolysis by C. albicans's SAPs.
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Time-dependent proteolysis of NCAD12. Coomassie stained Tris-Glycine gel (13%). Protein is in the Apo
state.(6.27 pM NCAD12,8.96 pg/mL)
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Time-dependent proteolysis of NCAD12. Coomassie stained Tris-Glycine gel (13%). Protein is in the
presence of 0.18 mM Ca^*.(6.27 pM NCAD12, 8.96 pg/mL)
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